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RESEARCH MEMORANDUM

CONTROL DEFLECTIONS, AIRPLANE RESPONSE, AND TATL
LOADS MEASURFD ON AN F-1C00A AIRPLANE
IN SERVICE OPERATIONAL FLYING

By Chris Pembo and Gene J. Matrangs
SUMMARY

Results are presented from 20 hours of service operational flying
of an instrumented North American F-100A fighter eirplane. Air Force
pilots at NWNellils Alr Force Base, Nev., performed sir-to-alr gunnery,
similated alr-to-ground attacks, alr-combat maneuvering, acrobatics, and
transition-type flights to altltudes slightly in excess of 50,000 feet
and at Mach numbers up to 1.22.

The F-100A, while capable of supersonic flight, was generally flown
subsonically. Speed reductlions were extremely rapid during highly maneu-
vering flight, particularly for maneuvers initiated at supersonlc speeds.

The positive portion of the V-n diagram was f£illed out, whereas the
meximum negative load factor reeched was -1.0.

Measurements of pllot control deflections, throttle movement, alr-
plane motions, and tail loads sre presented primerily as envelope curves
of maximum recorded values. Extensive use was made of all controls; full
deflectlions were often employed in evaslve-~type tactical maneuvers. Use
of throttle variled widely wlth the filght experience of the individusl
pllots. The maximim measured tall loads were asbout 50 percent of the
design 1imlt loads.

A limited analysis of the factors affecting vertical- and horizontal-
tall loads indicated that wvertlcal-tall loads could be predicted from the
sideslip angle and rudder deflection, and that prediction of horizontal-tail
loads st high sngles of attack eould not be made without knowliedge of the
serodynamic characteristics of the alrplsne at these angles. Cross products
of rolling and yawing angular velocities can have an appreclable effect on
the horizontal-tail loads of an airplane with mass characteristics such as
those of the F-100A.

An overaell comparison of these resultis with results from earlier
investligations with ogge airpl&nes is made

HINCLASSIFIED
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INTRODUCTION

The control inputs employed by pllots in performing specifically
assigned misslons, as well as in general flying, have been of continuing
interest to alrplane designers. Previously, some Informstion on maximum
load factors was cbtained from flight measurements with V-g recorders,
but informatlon on control inputs and alrplane motions was generslly
based on pllot observations and opinions. To obtain quantitative deserip-
tions of the control motions and resulting asirplene response during opersa-
tional flying, the National Advisory Commlttee for Aeronautics has, for
several years, rather completely Instrumented different fighter airplanes
which were assigned to operational squadrons. Some resulis of these
Investigations have been reported in references 1 and 2.

To investigate the use of an ailrcraft with supersonlc capabllities,
an F-100A was instrumented at the NACA High-Speed Flight Station, Edwards,
Calif., and flown by Alr Force pllots at Nellls Alr Force Base, Nev. In
addition to the measurements of control inputs and alrplsne motions which
are usually made, measurements of the horlzontal- and vertical-tall locads
were obtailned simaltaneocusly.

Presented 1ln this paper are results from approximastely 20 hours of
flight during which asir-to-~alr gunnery, a&crobatics, pllot transition,
alr-combat missions, and similated air-to-ground attecks were performed.
Control deflections, airplene motions, and a limited number of loads
measurements are presented, in the main, as envelope curves of maxlmum
recorded values. A discussion of the altitude, Mach number range, and
types of maneuvers during which the maximum values were recorded is also
included. An overall comparison of these results with results from simi-
ler investigetions with other ailrplanes (refs. 1 and 2) is made.

SYMBOLS

c wing or tail chord, £t

o]}

wing mean aerodynamic chord, f%

CmOw pitching-moment coefficlent of the wing-fuselage combination
T at zero 1lift

d longitudinal distance between the center of gravity and aero-

dynamic center of the wing-fuselage combination (positivc
when aerodynamic center 1s forward of center of gravity), ft
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acceleration due to gravity, 32.2 ft/sec2

pressure altitude, £t

moment of inertia about X-body saxis,

moment of inertia about Y-body axis,
moment of inertlia gbout Z-body axis,
product of inerties, slug~ft°

moment of inertia of rotating engine
slug-ft°

horizontal-tail aerodynamic load, 1b
vertical-tail serodynamic load, 1lb
Mach number

normal-load factor

rolling veloclty, radians/sec

rolling acceleration, radians/sec?

pitching velocity, radiens/sec

pitching acceleration, radiens/sec®
yewing velocity, ?adianﬁ/sec
yawing scceleration, radians/sec?
wing area, sq £t

time, sec

time to bank 90°, sec

equivalent alrspeed, knots

slug-f£t2
slug-£t2

slug-f“b2

rarts about X-body axis,
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W sirplane weight, 1b

b distence between aerodynamlc center of wing-fuselage combina-
tion and 25 percent of the horizontal stablilizer mean aero-
dynsmic chord (parallel to X-body axis), ft

a angle of attack, deg
B angle of sidesllip, deg
Bg alleron deflection, deg
sat total aileron deflection (sum of right and left), @eg
By rudder deflection, deg
Og stabllizer deflectlion, deg
Wa englne rotational velocity, radians/sec or rpm
Po mass density of air at sea level, slugs/cu ft
P bank angle, deg
Subscripts:
l limit control deflection
max maximm
t tail
ATRPLANE

The F-100A airplane used in this investigation 1s a single-place
swept-wing fighter. The wing, horizontal-tall, and vertical-tall sur-
faces are swept back 45° at the quarter chord. The airplane 1s charac-
terized by a low wing and low horizontal tail and en ovel alr Intake
duct at the nose. A pitot-static boom extends forward from the nose.

Incorporated on the wing is a leading-edge tapered slat which is
automatically operated by aerodynamic forces. A hydraulically operated
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speed breke, with & meximum deflection of 50°, is located on the lower
surface of the fuselege to the rear of the nose-gear well.

The longitudinel, lateral, and directional control surfaces are
actuated by irreversible hydreulic systems. An all-movable stabilizer
provides longltudinsl control, midsemispan allerons give lateral control,
and a conventional rudder furnishes directional control.

Several modifications to the test sirplane were dlctated by the
required instrumentation. Three of the four 20-mm guns were removed,
leaving only the lower left-~-hand gun operative. Removal of guns and
installatlon of instrumentetion regquired the addition of ballast to
bring the welght and balance of the test alrplane in line with the other
F.100A operational alrplsnes. The major dlfference between the test air-
plane and standsrd F-10CA models wes the engine. The F-100A 1Is powered
by a J57-P-39 turbojet engine with afterburner, whereas the test F-1004
was equipped with a J57-P-21 engine which dellivered slightly more thrust.

A three-view drawing of the test ailrplane 1s presented in figure 1,
and & photograph 1s shown in figure 2. Pertinent physical characteristilcs
are given In table I.

INSTRUMENTATION

Standard NACA recording instruments synchronized by e common timer
provided continuous records in time-history form of the following
quantities. :

Airspeed and altitude

Normal acceleration

Angle of attack and angle of sideslip

Rolling, pitching, and yawing velocitles and accelerastions
Stebilizer, alleron, and rudder deflectlioms

Stabllizer, alleron, and rudder forces

Speed-brake deflections

Horizontal-~tail and vertlecal-tall root sheax

Throttle position

Engine revolutlons per minute

An NACA high-speed pitot-stetic tube was mounted on the eirplane
nose boom to measure alrspeed and altitude. The alrspeed system was
calibrated in £ilight by the NACA radar phototheodolite method (ref. 3)
and 1ls considered accurate to M = $0.01L at subsonic and supersonic
speeds and M = £0.02 at transonlc speeds.

O,
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The normal accelerometer was located 1n the plane of symmetry, for-
ward and above the center of gravity of the airplane.

Angle of attack and eangle of sideslip as presented in this paper
were measured by free-floating venes located on the nose boom. Errors
resulting from bopm bending, vane floating, upwash and sidewash at the
vane, and alrplane angulsr velocity have been neglected unless otherwise
indicated.

A microswitch attached to the nose gear initlated recording of data
at nose-gear 1lift-off. Recording was terminated by actuation of the
microswitch with nose-gear touchdown; thus, take-offs and landings were
generally recorded. In several flights the duration of in-flight time
was greater than the amount of recording time svallasble on the film drums;
in these flights, landings were not recorded. Occasionsl in-flight
strain-gage sensitivity and galvanometer zero checks were recorded.

Additional details of Instrumentation and instrument accuracles are
presented in reference 4. -

TESTS

Data were recorded during 32 flights (approximately 20 hours of
flight time) made with the test alrplane by Alr Force pillots at Nellis
Alr Force Base, Nev. The flights, which were routine training missions,
consisted of air-to-air gunnery, acrobatics, pllot transition, and air-
combat maneuvers. In additiorn air-to-ground rocketry releases, air-to-
ground gunnery, dive bombing, sklp bombing, and LABS (Low-altitude-
bombing-systems maneuvers were slmilated, since the test alrplane was
not equipped with a weapons system capable of performing these dutles.
The test alrplane was equipped with a yaw damper; however, most of the
flights were made with the demper inoperative because of a malfunction.

Maneuvers were performed over the speed range from stall to Mach
numbers slightly Iin excess of 1.2 and from ground level to & pressure
altitude of approximately 50,000 feet. Stablility deficiencles such as
roll coupling and mild pitch-up were exhiblted by the F-100A in 1lts
early developmental stage; however, the operational use of the test air- .
Plane was not limited by such deficienciles.

Generally, the service alrplanes at Nellis Air Force Base were
flown subsonlcelly to conserve fuel that would otherwlse be consumed
repldly with afterburner in use. A specific request for supersonic
maneuvering flight in severasl Instances was therefore made to obtain
some information on the behavior of this airplane at supersonic speeds
such as would occur If the restrictions to conserve fuel were not in effect.
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The test airplane was flown by 18 pilots with f£light time in F-100A
airplanes varying from 12 hours to 110 hours. Ten of the pilots had more
than 100 hours of actual combat.

The pllots were aware they were flying an ingtrumented airplane.
However, 1t was stressed that normal handling of the aircraft was desired
and that results from the test program would not be associated with sny
Individual piiotk.

RESULTS AND DISCUSSBION

Altitude and Mach Number

The percentage of total recorded flight time in various ranges of
altitude and Msch number is presented in flgure 5. The data shown were
obtalned from alr-to-alr gunnery; air-to-ground simuiasted bombing, gun-
nery, and rocketry; transition and acrcobatics; and air-combat maneuvers.
Dete are grouped in class intexrvals of 5,000 feet in altitude and 0.1 in
Mach number. Figure 3 shows that the test alrplane was flown from ground
level to altitudes slightly in excess of 50,000 feet and at Mach numbers
ranging from stall to slightiy sbove M = 1.2. More flight time, about
22 percent, was in the altltude interval from 20,000 to 25,000 feet, pri-
merily because of the contribution of the alir-to-alr gummery flights
during which considereble time was spent near 20,000 feet, the altitude
of the tow target. The remaining time was almost evenly distributed in
the other altitude intervals below 20,000 feet and above 25,000 feet up
to 40,000 feet. A relatively short time, sbout 5 percent, was spent
above 40,000 feet. Figure 3 also shows that sbout 62 percent of the
total flight time was at speeds between M = 0.6 and M = 0.9. The
peak percentage in the interval from M = 0.6 to 0.7 1is again partly a
consequence of the air-to-alr gunnery flights, slnce the Mach number of
the target tow airplane was sbout M = 0.7. Only about 2 percent of the
total flight time was above M = 1.0; most of this time .was due to the
aforementioned request for supersonic data.

As previously noted, the alr-to-air gunnery flights are somewhet
restricted 1n sltitude and speed by the tow target. Also, in the alr-
to-ground missions considersble time is spent at altitudes below about
10,000 feet. The alr-combat maneuvers, transition, and ascrobatic fllights,
however, allowed the pilot to fly at any altlitude and speed within the
cepablility of the alrplane. Therefore, the percentage of total flight
time in the various sltitude and Mach number Intervals for these types
of missions is believed worthy of separate conslderation and is shown in
figure 4. From this figure it can be seen that flight time was fairly
evenly divided in the intervels between 15,000 feet and 40,000 feet. The
lergest percentage of the time (19 percents in any one Intervel was in the
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altitude range between 35,000 and 40,000 feet. It can also be seen that
time in the speed range from M = 0.7 to M = 0.9 was predominant.

Normal-Load Factor

The envelope of the maximum normel-load factors measured is pre-
sented in figure 5. Data from all missions are included. Also shown for
comparison is the operational V-n diagram for the alrplane for the
2k ,000-pound weight condition at 3,000 feet (take-off welght of the test
airplane was near 25,000 1b). The limit design load factor for the test
alrplane was T.33g, while the greatest positlve load factor reached during
the 20 hours of operational flying was 6.8g. The negative limit design
load factor was 3.0g; however, in the maneuvers performed negative load
factors did not exceed 1.0g.

In meny instances the recorded load factors exceeded the stall line
(fig. 5) partially because some of the data points were obtained at air-
craft welghts less than 24,000 pounds. However, the primary reason is
the abruptness wilth which many of the msneuvers In this flight regime
were performed, whereas the n,,., line on the operational V-n diagram

is spplicable only to gradual turns and pull-ups.

Airplane Attitude

Angle of attack.- The envelope of the maximum recorded alrplane angles
of attack and corresponding equivalent alrspeeds 1s shown 1n figure 6(a).
The largest angle of attack measured was about 410, alrplane nose up, and
occurred at an alrspeed of 210 knots. The meaximum alrplane nose-down angle
of attack measured was about 8° and cccurred at sn airspeed of 250 knots.
Angles of attack in excess of 20°, airplane nose up, were recorded on
numerous occaslons in the alr-combat maneuvers and acrobatics at alrspeeds
up to 325 knots. These angles were experlenced at all altitudes between
about 15,000 and 45,000 feet.

Large engles of attack were generally attalned In the evasive maneu-
vers such as "hard turns" and "breaks," which consisted of abrupt, accel-
erated turns accompanled by large speed reductions. In one of the basic
tactical meneuvers performed by the pilots, the evading alrcraft turned
sharply and reduced speed ebruptly to force the attacker outside his turn
redius. In the alr-combat missions such maneuvers were performed
frequently.

Angle of sldeslip.- The envelope of maximum recorded sideslip angles
and corresponding equivalent alrspeeds is shown in figure 6(b). This
envelope is made up of data obtalned in rolling meneuvers performed in
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alr-corbat meneuvering, pilot-transition, and acrobatic~type flights.
The greatest sideslip angle measured was 12° at an airspeed of gbout
200 knots and an altitude of 40,000 feet. With the exception of the
10° of sideslip obtained at Vg = 370 knots during a 5.5g roll at an

altitude of 9,000 feet, the envelope curve shows an approximately linear
drop off of maximum sldeslip angles with Increasing alrspeed.

Use of Controls

Rudder.~ The use of rudder control is indicated in figure T(a) which
presents the envelope of the meximum rudder angles in percent of full
deflection. It can be seen that full rudder was used at equivelent alir-
speeds from 115 to 250 lkmots above which rudder deflection decreases with
increasing alrspeed. The pedal forces assoclated with the rudder deflec-
tionse at speeds above 250 knots were found to be low, less than 100 pounds,
indicating that the rudder deflections in this speed range were not the
maximim that could have been employed.

Perhaps the reason for the extensive use of the rudder on the F-100A
airplane was that the pllots were made aware of adverse yaw particulerly
below 250 knots and were instructed in the flight tralning manual to use
the rudder in turning flight to counteract this effect.

Use of full rudder and most general use of the rudder wes made in
the alr-combat maneuvers. However, the rudder was also employed in other
types of flights; for example, in the alr-to-air gunnery flighits rudder
was employed in comblnation with abrupt aileron Inputs to prevent collision
wlth the tow target after gun firing.

Aileron.~ The envelope curve of meximum aileron used by the service
pilots at various equivalent alrspeeds 1s shown in figure 7(b). It can
be seen from the flgure that full aileron was used at equivalent sir-
speeds from 140 knots to about 450 knots. Use of full aileron wes not
confined to any particular altitude or Mach number range.

In general, full alleron control was employed in combat meneuvers
to perform meximum performance turns in evasive meneuvers and In noncombat-
type flying such as acrobatics. In the evesive maneuvers, full aileron
was used by the evading pilot in order to reverse the direction of his
turn after the attacking pllot had been forced ocutside the turn radius of
the evading eircraft. During this portion of the mesneuver, full eileron
was used when the airspeed was low (often neasr the stall speed).

Stebilizer.- The envelope of maximum stabilizer position at various

equivalent airspeeds is shown in figure 7(c). It can be seen that full
alrplane nose-up stabilizer was used up to Vg = 330 knots, which
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corresponds to the upper left-hand corner of the V-n dlagram. One-half
of full airplane nose-up stabllizer was used up to Vg = 500 knots.

Stablilizer deflections below neutral position (stabilizer position at
zero) were not used.

The only maneuver requiring full stabilizer was the "hard turm"
maneuver. In one instance nesr 40,000 feet, full stabilizer was used
gt M= 1.2 and was held while speed dropped to near the stall. No
more than 3/# of full stebilizer deflection was required to perform any
of the other missions, such as alr-to-gir and air-to-ground attacks.
Takeoffs and landings were accomplished by using approximately 3/4 of
full stabilizer deflection.

Speed brake.- The speed brake on the test airplane can be opened
to eny position up to, and including, full open. The brake was used to
reduce speed in both tacticel and nontactical maneuvers. During this
flight progrem, the speed brake was used in the full open position at
all equivalent ailrspeeds from 130 knots to 470 knots. Although the
speed brake wes employed at various intermediate opening angles through-
out the speed range, 1t was fully extended approximately T5 percent of
the time 1t was in use.

Throttle.- Measurements were made of the use of the throttle by
service pillots and the resulting response of the engine as Ilndicated by
the revolutions per minute of the low-speed rotor. Throttle positlon
for various engine power settings was determined from thrust stand tests.
Typlcal time histories are shown in figure 8 for two asir-combat meneuvers
and one alr-to-ground-mission flight.

The time histories shown in figures 8(a) and 8(b) represent two
extremes of throttle use during highly maneuvering flights. The flights
from which both these records were obtained consisted of two-airplane
engagements, 1n which an instructor, plloting one airplane, demonstrated
a tactlcal meneuver, and & student, piloting another sairplane, performed
the ssme maneuver. The time history of figure 8(a) was measured during
a student's flight. It should be noted that the student had over
200 hours of flight time in Jet alrcraft but was being Instructed in the
use of the F-100A in tactical maneuvers.

The time history of figure 8(c) i1s typical of throttle use in the
air-to-ground missions.

Four instances of compressor stall were noted during the 20 hours
of operational flying. The instances were confined to the alr-combat
flights; none occurred during the flights shown in figure 8.

Control forces and control motions.- The alleron, rudder, and stabi-
lizer controls on the F-100A alrplane are full-powered irreversible
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systems. Bungee springs Installed in the systems produce force at the
control stick and pedals, thus providing the pilot with asrtificiel feel.
With no aerodynamic loads imposed on the control surfaces the forces
required to produce full deflectlon are epproximately 100 pounds for
rudder, 20 pounds for ailerons, and 40 pounds for stebilizer. Durlng
operational flying, the pilots often applied forces to the stick and
rudder pedals which exceeded these forces. Rudder pedsal forces of the
order of 280 pounds, asileron stick forces of 25 pounds, and stabllizer
stick forces of 70 pounds were recorded. At the higher speeds where
control deflections were less than full, the associated conbtrol forces
were found to be low.

During maneuvering flight the control-surface movements were gen-
erally osclliastory or stepped, rather than smocoth. This is particularly
true of the stabilllzer where oscillations of L4C to 5° amplitude at a
frequency of about 1 cycle per second were common snd occurred in both
high-speed and low-speed flight.

Rolling Motions

Variations with equivalent alrspeeds.- Flgure 9 shows envelopes of
the variations with equilvalent alrspeed of the measured meximum rolling
acceleration, rolllng velocliy, and bank angle. Bank angles are pre-~
sented as incremental angles measured during e single maneuver.

The peak rolling scceleration of 10.0 radians/second® end rolling
veloclty of 3.4 radians/second are reached In the egulvalent airspeed
range of 300 to 350 knots.

The maximim recorded change in bank angle was 1200° above
Ve = 400 knots. Rolling maneuvers which resulted in extreme bank

angles (1100° or greater) occurred 4 times during the 20 hours of f£light
time; in all cases these meneuvers were performed at alflitudes near
20,000 feet or below. Rolls which genersted angles of 360° or greater
occurred 23 times and were not confined to any particular altitude or
speed reglon.

All the data polnts for establishing these envelopes were obtalned
from air-combat maneuvers and acrcobatlcs. Roll rates slightly greater than

2.0 radiens/second and roll accelerations of about 7.0 radians/second? were
used by the pilot in one ailr-to-air gunnery flight to prevent colllision
with the tow terget lmmedlately after gun firing at close range.

Variations with rolling velocity.- The pesk changes of bank angle
and rolling scceleration assoclated wilth verious amounts of peak rolling
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veloclty in a rolling maneuver are presented 1n figure 10 which shows
that the rolling veloclty for the meximim change of bank angle was
2.1 radians/second. Although larger roll rates were employed by the
pllots, they were not maintained for a sufficient length of time to
develop lerger bank angles.

The lower section of figure 10 shows the rolling acceleration
experlenced in conjunction with rolling velocity. It can be seen that
in meny cases relatively high acceleratlons were utilized for the smaller
rolling veloclties demended. A medlan line through these date passes
through a value of acceleration about twice as great as the velocity.

Also shown in figure 10 1s a lower boundary for bank angles and
rolling acceleration, since for amy rolling veloclty there is an asso-
clated minimum change in bank angle and rolling acceleration.

Variations with alleron deflections.- Presented In figure 11 are
envelopes of peak rolling acceleration and peak rolling velocity for
glven amounts of total aileron deflection in rolling meneuvers. Also
shown as a dashed line 1s the maximum rolling velocity and acceleration
which resulted from rudder-fixed 360° aileron rolls performed at
40,000 feet with the test alrplane in research testing at the NACA High-
Speed Flight Station. It will be noted that the maximim rolling accel-
erations In this figure and figure 10 are somewhat lower than those shown
in figure 2 because all values of velocity and acceleration In figures 10
and 11 are assoclated only with the initistion of rolling. Somewhat
higher values were generally experienced 1n recoveriles.

The varlations of roll veloclty and acceleration with total aileron
deflection indicate the expected ilncrease with increasing control deflec-
tion. Here, again, the demand for large rolling sasccelerations is evident
ever with small control inputs.

The envelope of meximm rolling ecceleration corresponding to various
alleron deflections 1s considerably above the peak values recorded during
the research flights. The same is true for rolling velocities, but only
at the smaller values of rolling velocity. These larger acceleratlons and
veloclities result largely from the use of the rudder to supplement the
allerons. In contrast, the research maneuvers were essentlally rudder-
fixed maneuvers.

Time-to-bank 90°.- Presented in figure 12 is the minimum time-to-
bank 90° for various equivalent alrspeeds, peak rolling accelerations,
peak rolling veloeclties, and total alleron deflections in rolling meneu-
vers. It should be emphasized that T$=9O represents time-to-pass
through the first 90° of bank angle, rather then the time-to-bank to 90°
then stop or stabllize. Also shown are the boundaries for the alleron
rolls performed In the resesrch rolling maneuvers referred to previously.
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Bank angles of 90° within 1 second were achieved while flying
between 300 asnd LOO0 knots equivalent sirspeed. The minimum time-to-
bank 90° decreased as the control deflection, rolling veloclty, and
rolling acceleration were increased. Bank angles of 90° within 1 sec-

ond were reached above accelerations of 6 radians/second?, velocities of
2.5 radiens/second, and total alleron deflectlions of 250. As indicated
in this figure, the minimm time-to-benk 90° during operational use of
the alrplane was sbout the same ag that for the aileron roll investi-
gation. However, from examinstion of time-to-bank G0° for various
rolling accelerations and velocities 1t can be seen that, in general,
slightly less time was required to reach the first 90° in the operational
investigation than in the research investigetion.

Pitching Motions

Pitching angular velocity.- The envelope of maximum pltching velo-
clties measured at varicus equivalent alrspeeds is presented in fig-
ure 13(a). From this figure it is evident that the highest piltching
velocities reached during the flights by service pilotas were about
0.8 radian/second, nose up, at Vg, = 240 knots, and 0.6 radian/second,
nose down, at Ve = 200 knots. Both peaks were recorded in alr-combat

meneuvers at about 40,000 feet. Referring to the nose-up region of this
flgure, it can be seen that, with the exception of three occurrences out-
side the mass of date, the pltching velocity increases with increasing
airspeed up to about Vg = 280 knots, then decreases in essentlally a

linesr mespner, In the nose-down region, pltchling veloclty increases with
alrspeed up to the pesk of 0.6 radian/second at Vg = 200 knotg, then

decreases with increasing sirspeed. The nose-down plitch rate of
0.42 radisn/second at L4O knots represents a one-time occurrence in
acrobatic-type flying at an altltude of 20,000 feet.

Pitching angular acceleration.- Figure 13(b) shows the variastion
of maximum pitching angular accelerations wlth equivelent alrspeed. It
may be seen that the highest measured pltching acceleration was sabout

3.5 radians/secondz, nose up, at an equivalent airspeed of 440 knots.

The highest nose-down pltching acceleration was sbout 3.2 radiaqs/second?
at approximately the same alrspeed. Both peak values occurred during
violent pitching motions in "string acrobatics" at 20,000 feet.

With the exception of the pitching acceleration of 3.5 radians/second?

ell nose-up angular accelerations were 2.0 radians/second2 or less. In
the nose-down section of the figure 1t can be seen that the angular

accelerations peak at 2.5 radians/second? (Vé = 220 knots) and at
3.2 radians/second? (Vé = 430 knots).
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The envelopes of both pltching velocity and pltching acceleration
are composed almost entlrely of test points occurring in asir-combat
maneuvers and scrobatic-type flights at altitudes from 20,000 to
about 40,000 feet.

Yawing Motions

Yawing angular velocity.- The envelope of maximum alrplane yswing
angular velocities and corresponding equivalent ailrspeeds 1s presented
in figure 14(a). It is indicated in this figure that the peak yawing
velocity measured was near 1.0 radian/second. This peak value occurred
in an sbrupt evasive-type maneuver at 40,000 feet and 1s well above the
boundary esteblished by the mass of data which peaks at 0.6 radian/second
at 300 knots.

Yawing sngulsar scceleration.- Verlation of the alrplane maximuam
yawing accelerations with equivealent alrspeed 1s shown in figure ik(b).
The envelope in this flgure peaks st a yawlng acceleration of

0.9 radian/second.2 at an equlvalent alrspeed of 290 lmots. This value
was reached at an altitude near 20,000 feet during alr-combat maneuvers.
It 1s evident from this figure that yawlng acceleratlion decreases from
the peak at Vg = 290 knots with increasing alrspeed.

The date used In establishing the envelopes of both yawlng veloclty
and yawlng acceleration were cbtained primsrily from alr-combat missions
at altitudes between 5,000 and 45,000 feet. The test points shown in
the alrspeed range of 400 to 450 knots, however, were recorded in air-
to-ground and alr-to-alr flights.

Vertical-Tall Loads

An envelope of the maximum vertlcal-tall loads messured during the
service operational flights is shown in figure 15(a). As indicated in
this figure, the vertical-tall serodynamic load increases with equiva-
lent alrspeed to the maximum recorded value of 5,600 pounds, approxi-
mately 40 percent of the design limit load, at Ve = 435 knots.

With the exception of one rudder-oscillation maneuver performed at
a Mach number near 0.70 at 12,000 feet (vertical-tail load of 5,100 1b),
all loeds shown on the envelope resulted from rolling maneuvers. The
maximmm vertical-tall load recorded occurred in a full alleron roll at
lgat a Mach number near 0.90 at 15,000 feet.

Considerable snelyticsl work has been done in recent years toward
the prediction of sldeslip angles which will result during various kinds

e
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of maneuvers. The assumption is made that once the sideslip angle is
speclfied, the vertical-tail airload can also be established. Figure 15(b)
Indicates the extent to which this 1s true for the flight results being
discussed. In this figure the verlastion of vertical-~tail load with

atve2 1s shown. The sideslip angle was measured by e vene mounted on

a boom shesd of the nose of the esirplane, therefore a small correction
. (maximum of 1°) was required because of alrplene rolling and yawing
motions to convert the messured values to sldeslip engles at the vertl-
cal tall By. This value of By assumes no fuselege flexibllity or

sidewash from portions of the aircraft shead of the tall.

It should be pointed out that all the vertical-tail loads shown in
figure 15(b) s wilth the exception of the solid symbol, were meassured in
rolling meneuvers where rudder deflections were sgbout 2° or less. The
solid symbol 1s the vertical-tail load measured during s rudder-osclllation
maneuver with a rudder deflection of =bout 7° from trim. The open symbol
Immediately below 1s the vertical-tail load eppropriete to the rudder trim
condition and was obtalned by determining the increment in load due to
rudder deflection from unpublished f£light date obtained in research flights
of the test airplane.

It cen be seen from figure 15(b) that, in general, the variation of
the vertlcal-tail load follows closely the varilation of stvea throughout
the altitude and Mach number renge of the present investigation.

Horizontal-Tall Loads

Horilzontal~tail loads are related to alrplane motions, airplane
physical characteristice, and airplene mass parameters as indicated in
the following general expression (ref. 5):

- - L
o o 01800 B0 5 S T

The parenthetlical terms are lineer end engular veloclties and accel~
erations of the alrplane. These guantities have been measured during the
service operational flights of the test sirplane. The relative importance
on the F-100A of each term in the preceding expression can best be pointed
out by substituting numerical vaelues for the physicel and serodynsmic
characteristics. Unpublished results of a study of the tail losds on
the airplene during resesrch flights at the High-Speed Flight Station
indicated that a considersble variation with both Mach number and angle
of attack exists 1n the serodynsmic parameters.
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The followlng characteristics are applicable to a welght of
24,000 pounds, airplane angles of attack near 0° Mach numbers near 0 8, .
and altitudes between 20,000 feet and 40,000 feet -

11,000 slug-£t2

Ix
Iy = 59,000 slug-ft2
Iy, = 67,000 slug-f£t2

= 385 slug-ft2

Cng, . = =0-003

= 385 8q ft
¢ =11.2 ft

=15 £t

W

d = -0.5 £t

Iy o = 17,554 slug-£t® rediens/sec
pg = 0.002378 slug/cu £t

Ve = equlvalent alrspeed, knots

Substitution of these numerlcal values Into the expression for horilzontsl.-
tall loads ylelds:

Ly = -0.0029(v32) - 800(n) - 3930(d) + 3730(pr) + 26(r2 - p?) - 1170(r) (2)

Contributions to the total tail load of the Cmowf term, the Iyxp

term, and the engine ilnertia term will be less slgnificant than the
remaining terms, consldering that an equivalent ailrspeed of 575 knots,
rolling rate near 3 radisns/second, end yawing rate near 1 radian/second
were the maximim values recorded.

To assess the ilmportance of the (IZ - Ix)pr term, the envelope of .
the maximum recorded pr cross-product values is shown in figure 16.
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It can be seen from the figure that, except for the occurrence of a value
of 2.7 radians/second2 in one maneuver, roll velocity-yaw veloclty pro-
ducts did not exceed gbout 0.75 radian/second?. For the test alrplane,

however, a value of 0.75 radian/second? contributes nearly 3,000 pounds
to the horizontsl-tall load. }

A knowledge of the magnitude of piltehing acceleration which occurs
in combination with various aslrplane normal accelerations generally has
been considered sufficient to establish the maneuvering horilzontal-tall
load. However, as indicated, cross products of sngular velocity terms
can result in slzsble horlizontal-taill loads.

Careful consideration must be glven to the angle-~of-attack range of
alrplane operation. For example, on the test airplsne, the coefficient
of n (equation (2)) has been found from the previcusly mentioned
research flights to vary from -800 for angles of attack near 0° to
gbout 2,000 at angles of attack near 15° and to even greater positive
values as the aerodynamic center of the wing-fuselage comblnatlon moves
forward with increasing airplane angle of attack to 20° and greatﬁzy

Figure 17 shows the horizontal-tail aerodynamic load measurdd in
maneuvers where varlous combilnations of pltching scceleration, normal
acceleration, and angle of attack were experlenced. The normal accel-
erations shown in this flgure are sccelerations at the center of gravity
of the ailrplene. It should be pointed out that the pr cross products
which occurred in these maneuvers were negligible.

Examinetion of this flgure will reveal that & down-load of sbout
12,000 pounds (approximately 4O percent of design limit load) occurred

during a nose-up pltch of 3.5 radians/second2 from about 0.5g and an
airplene angle of attack of 3°, nose down. This is the greatest down-
load recorded during the 20 hours of service operatlional flying.

-The greatest up-load on the horlzontal tell measured during the
operational flights by service pilots was slightly over 8,000 pounds
(ebout 58 percent of design limlt up-losd). This losd occurred in a

nose~-down pitch of 1.5 radians/second? at about 5g. This maneuver was
initiated at an angle of attack of sbout 25°. It will be noted that
the maximum recorded pilitching acceleratlion in the nose-down direction,

3.2 radians/seconde, did not produce a large up-load on the stzbilizers
because of the moderate angle of attack at which this mesneuver was
Initiated.

In this figure wide variations of magnltude of horizontal-tail load
at nearly simllar n and § conditions indicate the extent to which
Mach number and angle of attack influence the prediction of the loads.
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Comparison With Other Airplenes

As compered with results from similar investigations involving the
Republic F-84G, North American F-86A, Lockheed F-94B, and McDonnell F2H-2
Jet fighter airplanes (ref. 1), the results obtained with the F-100A show
that higher altitudes and Mach numbers were experienced, more extensive
use was made of all controls, and, as a result, higher alrplane response
was measured. However, an investigation using a Republic F-84F (ref. 2)
showed results c¢omparable to those of the present F~lO00A investigation,
except that the maximum values of sldeslip angle and yawing acceleration
for the F-100A were somewhat lower and angle of attack was higher than
those for the F-G4F.

CONCLUDING REMARKS

Twenty hours of operationsl flying of an Instrumented North American
F-100A airplene by U.S. Alr Force pllots have provided information on the
use of controls, the resulting airplane motions, and the accompanying tall
loads. Air-to-alr gunnery, acrobatics, pllot transition, alr-combat mis-
sions, and air-to-ground simulated attacks were performed covering the
altitude range to slightly above 50,000 feet and the Mach number range
to 1.22.

The F-100A, while capasble of supersonic flight, was generally flown
subsonically. Speed reductions were extremely rapid durlng highly maneu-
vering flight, particularly for meneuvers inltiasted at supersonic speeds.

The positive portion of the V-n disgram was filled out, however, the
maximim negative load factor was -1.0.

The pilots made extenslve use of surface controls, employlng full
stabllizer, rudder, and allerons 1n evasive-type tactlcal maneuvers. Use
of throttle variled widely with the flight experience of the individual
pllots.

The maximim values recorded for the various quantities were as fol-
lows: sangle of attack up to 40°; angles of sideslip of 12°; rolling
velocity of 3.4k radians/second and rolling accelerations of

10.0 radians/second?; bank aengles of 1,2000; pltehing veloclity of about
0.8 radien/second, nose-up, and 0.6 radian/second, nose down; pitching

accelerations of 3.5 radians/seccnd?, nose-up, and 3.2 radians/second?,
nogse down; yawing veloclty of 1.0 radian/second, and yawing acceleration

of 0.9 radian/second?.
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Maximum measured horizontasl-tail loads were approximately 40 percent
of design limit in the down-direction and about 58 percent of design limit
in the up-direction. The greatest vertical-tall load measured was about
40 percent of design limit for that surface.

It was indicated that vertical-tall loads couwld be predicted 1if the
sideslip angle and rudder deflection are known.

A limited anslysis of the horizontal~tail losds has indiceted that
the frequent occurrence of high angle-of-attack flight during maneuvers
requires knowledge of the serodynamic characteristics of the alrplane
at these angles in order to predict horizontel-tall loads. Crosse pro-
ducts of rolling and yawing engular velocities can have an appreciable
effect on the horizontal-tall loads of an airplane with mass character-
istics such as those of the F-100A.

As compared with results from simllar investigetione Involwving the
Republic F-84G, North Americaen F-86A, Lockheed F-94B, and McDonnell F2H-~2
Jet fighter airplsnes, the results obtalned with the F-100A show that
higher altltudes and Mach numbers were experienced, more extensive use
was made of all controls, snd, as a result, higher airplane response weas
measured. However, an Investigation using a Republic F-84F showed results
comparable t6 those of the present F-100A investigation, except that the
meximum values of sideslip angle and yawlng acceleration for the F-100A
wezélel. somewhat lower end angle of attack was higher than those for the
F-O4F.

High-Speed Flight Station,
Edwards, Celif., March 11, 1958.
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TAELE I.- PEYSICAL, CHARACTERISTICS OF AIRFLANE

Wing:
AIrPoll S€ctiOn « v « « « « o s o« 2 o o o s o s o o s o s o = « « NACGA 6HACOT
Total erea (including allerons end 85.8: sq £t covered

by fuselage), sq £t . . . 385.21

SPan, £t « e ¢« ¢ « ¢« ¢ o e o s & s s 4 s s e e e a8 e e e a0 3858
Mean serodynamic chard, £5 « « o = ¢ « o o o o o ¢ 2 s s = ¢ o« o o o o 11,16
Root chord, £ o« ¢ o o ¢ « = o ¢ o o 2 s ¢ = ¢« s s o ¢ s s o « a s o o 15.86
Tip chord, £ ¢ @ « « ¢« « o ¢ & « o ¢ s = s s s s s s o « s o« = s s s « %15
Taper T8I0 « « o« ¢ = o o o « o ¢ ¢ o ¢ s s s a a o 8 ¢ s 2 s a o « o « 0.262
Aepect TBEIO & ¢ 4 4 4 4 6 s e e e e s s s s e e e e a e e e eas 3.8
Sweep et 025 chord 1ine, G8Z « ¢ o o « o o s « o« « s = o &« « o« s o & » 45
Incidence, dBZ .« « « o ¢« o ¢ ¢« ¢ ¢« ¢ o ¢ & 2 o s « ¢ s s o o s o s o o
Dihedral, d88 « o o« « « « s s ¢« o« o o a o s « s o o s« a a s s s s « o = 0
Geometric twist, deg . « ¢« o ¢ ¢ ¢ ¢ ¢ ¢ et 4 e o e 6 4 e 6 e u . s 0
Aileron:

Area rearward of hinge 1ine (each), 8G ££ « « « « o v o « « o o « « « 19.32
Spen at hinge 1ine (8Ch), L v « ¢ « « = = « « « « ¢ s o « o « o« « o« T8L
Chordrearwa.rd.ofhingeline,percentwingchord. ® o e o o s a s s s 25
Travel (each), GEBE « « = o « « « s o o o a ¢ o s s s a s s s s o o « 15
Lesding-edge slat:

Spen, equivalent, £6 < . 4 ¢ ¢ ¢ 4 c e b e e s e 6 e e e e e 1270
Segments . « ¢« ¢« ¢ o« o o o 2 o 6 o 4 s 4 s e e e s a8 w2 e a e e 5
Spanwise locetlon, inboard end, percent wing semispan . « « « « « « « 23.3
Spanwise location, cutboard end, percent wing semlsSpell « « « « « « « 89.2
Ratio of slet chord to wing chord (parsliel to fuselage

reference line), PErcENt .« « o« « « + o o s o« s o o o 2 8 ¢« b o e s 20
Rotation, maximm, deg . « ¢ « ¢« « ¢ o ¢ ¢ ¢ « « ¢ s o ¢« s s s o & = 15

Horizontal tail:
AlrPoll Bectlom « o« o ¢« o o « ¢« « o » o ¢ ¢« a s o o & o s 8 @

HACA 65A003.5

Total area (including 31.65 sq £t covered by fuselage), sg £ . . . . . 98.86
BPED, BE o « o o o o o o 5 o e o 8 5 o e s o 2 o o e e e oo 18,72
Mean aerodynamic chord, £ « o ¢ « o o o a ¢« s o « « « s « o ¢« o « « & 5835
Root chord, £t o o o ¢ ¢ « o o o o o « s s « e s o s o o s a s = o o« « 8Jdk
Tip chard, £ o « o o o« o ¢ @« 2 o « o « o s s s e s a s a o a s s o« o 2h6
Ta.perra.‘bio......-c--..-....--......-....-. 0.30
ASpect YBHIO o ¢ ¢ ¢ s 2 o 6 ¢t & s 5 t c e 8 s s s s e s e s e s B354
Sweep at 0.25 chord 1Ine, def o« « « = « « « o« « o« s o o« o o o o o s & = Ly
DIheAral, ABE « « « « o « o o « = o o =« o o o o o s a o o s 0 o o o o« 0
Travel, Jeading edge Up, A8E « « « « « « o ¢ s « ¢ s = s o « s a s o & 5
Travel, leading edge down, G8Z « « ¢ « « o« ¢ o « = s« o « ¢ s s o = = & 25

Control system: . . « « . . . Irreversible hydraulic boost and artificial feel

Vertical teil:
AIrPoll S8€Ction « « « « & ¢ o « o o = &« s ¢ s a o s s o o « o « HNHACA 65A003.5
Ares (excluding dorsal f£in end ared between fuselsge contour line
and line parallel to fuselage reference line through intersection

of leading edge of vertleal tail and fuselage contour line} 2.7

Span, £t o ¢ o ¢ ¢ 4 o 6 & ¢ o e o e 5 6 s 6 s e s s s e 0 s s e e e T
Mean serodynamic chord, B8 « ¢ ¢ ¢ & ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ a e s s a5 s« 5.9
Boot chord, £ . « ¢ « e o« o o s 4 = o o =« s« a « s a s s o ¢ o o « « o« 8.28
Tip chord; £5 ¢ o ¢ « ¢ « o ¢ ¢ « o e o s« s 5 s s s s o s s s o« s o ¢« 249
Taper YBE10 ¢ « o« o« c o ¢ o @« o « e = o o o 2 a o« s a« s s « = s o ¢« s« o 0301
ASPECE TBELO + o « = o o o = o s o s a4 o & 5 s o s s 4 s e s e s a s s LAU9
Sweep 85 0.25 chord 1Ine, 488 « « « « o s o s o s s o s s « » « o o o 45
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TABLE I.. PHYSICAL CHARACTERISTICS OF AIRPLANE - Concluded

Rudder:
Ares, rearward of hinge line, sq ft

Span at hinge 1line, £ .« « ¢ ¢ ¢ ¢ ¢ ¢ o o o a s o s ¢ s o o s « ¢ o 3.335
Root chord, £t . ¢ ¢ ¢ o« « ¢ a a o ¢ o & ¢ o ¢ ¢ o a s s o o« s o = = 2.27
Tipchord, £ o ¢ ¢« ¢ « ¢« ¢ ¢« ¢ o ¢« « ¢ ¢« o 2 o ¢ o s ¢« s o ¢ s s ¢ & 1.50
Travel, d8Z « « o o« o o « s o s o « a s s o ¢ o s ¢ s a o o o o s & +20
Spanwise location, inboard end, percent vertical-tail span . . « « & 3.1
Spanwise location, outboard end, percent vertical-tail span . . . . . 44.8
Chord, percent vertical-tall ChOrd . « « o« o o o « o ¢ s s o o « « « 28X
BalanCe « o« « o s ¢ o s s o s o« s ¢« s ¢ s s o « s s s s o o o o AHAerodynamic
Fuselsge:
Length (afterburner nozzle closed), ££ « « « « « « o o s o« « « o =« « « U45.64
MaXimum WiGth, BE o o o « o o o o o o o o o' 0 o o o o s o s o a oo 558
Meximm depth over canoPy, £t « « o « o o o s o o« s s s o o o o o o o o 637
Side area (total), 8 £5 « o « =« « o o o « s ¢ s o« s 5 o s s ¢+ o o« 250,92
Fineness ratio (afterburner nozzle closed) .« « « « = o o « « =« s = = « T.86

Speed brake:
Surface 8red, 80 £H « « « « o o ¢ o s o s o o 5o o c o o 0 o o o s e oo LAk
Maximim deflection, deg « « « ¢« ¢ ¢ ¢ 2 « s = s o ¢« o s« o ¢ ¢ o s o v = 50

Powerplant:
Turbojet engine . « ¢« « « « » « « One Pratt & Whitney J57-P21l with afterburner
Thrust (guarantee sea level), afterburner, Ib + « « « + o« « .
Militm, l.b - L] L] . - L - L] e - L) - - L] - - . a - - - - - - L] L3 -
Noml, lb - - . L] L] e . L] L] . . . L] - L - - L L L] L] . . L) L] L]

Airplane welght, lb:
Basic %ﬂthout fuel, pilot, ammmition) « « « « « ¢ ¢ ¢« ¢ « ¢ ¢« « « « « 20,000
Total (full fuel, pilot, ammnition) « « o « ¢ ¢ « ¢ ¢« « o = = o « o « 25,160

Center-of-gravity location, percent C: .
Total weight - gear dOWIRL . « ¢ « o ¢ « ¢ ¢ ¢« ¢ o« ¢ o s s o a s« s u o » 31.T
Total Welght — €8T UD .« ¢ « ¢ « ¢« « ¢ o s o ¢ ¢« e o o ¢ s ¢ o o o o s LT

Moments of inertia (total-welght condition), slug-f£t2:
Ix.-.--......-...--.-...-.-.--.--..-11,150

T¥ o o o o o o o a s e o e e ettt e e e e e . 59,500
IZ.--o-o.-.-.cu-o.oo--ooo-..--.--oo-67,5w

Product of inertis (total-weight condition), slug-f‘b2:
Ixz‘o-:o..-oolllt----oc.-..o-.-nnn---u 585
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Figure l.- Three-view drawlng of the test alrplene. All dimensions in
. inches.




Figure 2.- Photograph of the test airplane.
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Figure 3.~ Distributlon of altitude and Mach mumber for sl1 missions.
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Figure 4.- Distribution of altitude and Mach number during air-combat-
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Figure 9.- Envelopes of maximum rolling acceleration, rolling velocity,
and change of bank engle measured at various equivalent alrspeeds.
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Figure 13.- Envelopes of maximum pitching velocity and pitching accel-
eration measured st verious equivalent alirspeeds.
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(b) Yawing acceleration.

Figure 1L4.- Envelopes of variations of maximum yawing velocity and
yawing ascceleration with equivalent airspeeds.
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